Introduction
from a global perspective. Johnson and Soenen found that in the period 1984-1995, stocks and bonds dominated the performance of gold as an investment. Davidson, Faff, and Hillier (2003) found that 22 of 24 world industries examined had significant exposures to the gold factor over the period 1975 -1994 that gold has had an important role in international asset pricing models and that corporate exposure to this historically prominent commodity is still strong.
In more recent work, Diebold and Yilmaz (2009) documented interdependence for the asset returns and asset return volatilities of 19 global equity markets for the period January 1992 to November 2007 using a measure they referred to as a spillover index. They noted that the spillover index is time-varying, indicating that the interdependence between markets is also time-varying, and that the pattern of spillovers differed depending on whether they looked at returns or volatilities. In particular, Diebold and Yilmaz found that returns appeared to exhibit a trend of increasing financial market integration, but did not have any drastic jumps. Volatilities, on the other hand, did not exhibit any trend pattern; however, volatilities did have "bursts," many of which Diebold and Yilmaz linked to significant economic events, for example, the East Asian, Brazilian, and Russian crises.
Diversification is important not only across different global markets, but also within various classes of assets. For at least some investors, an investment in gold has been seen as a good hedge or safe haven against stock market movements. Understanding the nature of the interdependence between different classes of assets is important for the portfolio choice of an investor. Lawrence (2003) used quarterly data from to examine the behavior of returns on U.S. stocks, bonds, and gold. He found a lack of correlation between returns on gold and other financial assets and linked the lack of relationship to the fact that gold returns do not correlate with macroeconomic variables, whereas returns on stocks and bonds do. He concluded that the evidence suggested gold would make for a good portfolio diversifier. Baur and Lucey (2009) used daily data on gold, bonds, and stocks from the U.S.A., United Kingdom, and Germany from November 30, 1995 , to November 30, 2005 , to examine whether gold acted as a hedge and/or safe haven for stocks and bonds. Their findings suggested that gold was a hedge against stocks and a safe haven in extreme stock market conditions, but for only very short periods. 1 In this paper, an extension of the work done by Diebold and Yilmaz (2009) is offered. In addition, volatility spillovers are analyzed, not only in stock markets, but also within and across other financial markets. Using the spillover index methodology, we examine whether gold returns and volatilities can predict U.S. stock and bond market movements or vice versa. The reminder of the paper is organized as follows. In the first section, the data used as well as its construction and descriptive statistics is described. In Section 2, the spillover index methodology is outlined. In Section 3, the results for the complete sample period and for a rolling-sample analysis, which allowed testing of time-varying spillovers, is provided. We summarize and conclude in Section 4.
Data
In the analysis, data from various sources have been merged to create a weekly dataset with observations beginning in the second week of January in 1970 (1/9/1970) and ending the last week in April of 2009 (4/24/2009 ). The reason weekly rather than daily periodicity was selected for the data is threefold: (a) non-availability of daily data on the high-low-open-close (HLOC) before 1986 for gold; (b) the procedure used by Diebold and Yilmaz (2009) in which they make the assumption that the volatility is fixed during the week but is allowed to vary across weeks; and (c) variation in closed markets from asset to asset, making the calculation of daily returns inconsistent between markets. 2 We examine the behavior of both returns and return volatilities of U.S. stocks, bonds, and gold. For the measure of stock returns, the real weekly return on the S&P 500 Index, calculated as the log difference of the weekly real S&P 500 Index (deflated using the Consumer Price Index [CPI]), was used. 3 The measure of gold returns was calculated similarly to the stock returns. 4 The 10-year U.S. Treasury note was used as the bond measure. The data was reported as a nominal annual return, which was converted to a weekly return and then converted to a real return by subtracting the weekly inflation rate (based on the change in the CPI.
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Measures of volatility were calculated using weekly open (P OPEN ), close (P CLOSE ), high (P HIGH ), and low (P LOW ) price data obtained from the daily HLOC data for the various financial variables. 6 Garman and Klass (1980) derived the best analytic scale-invariant estimator for the weekly return volatility with the following equation: (1) where u = ln(P HIGH )-ln(P OPEN ), d = ln(P LOW ) --ln(P OPEN ), c= ln(P CLOSE )-ln(P OPEN ). Figure 1 displays the weekly real price or index for the stock, bond, and gold series. As can be seen in the graph, gold prices saw a steep increase in the late 1970s, corresponding to the drastic increase in inflation, followed by a steep decline in the first half of the 1980s. More recently, there again has been an increase in gold prices following the end of the 2001 recession through the beginning of the most recent recession. Even today, prices remain elevated above the average levels experienced over the last 30 years; however, the levels are nowhere near as high as the levels experienced during the late 1970s. Real stock prices climbed steadily during much of the 1980s and early part of the 1990s, a period of almost uninterrupted economic expansion before the technological boom of the late 1990s was followed by the bursting of the dot.com bubble in the early part of the 2000s, and most recently, the 2007-2008 economic and financial crisis. The real bond index that was created shows a slow, steady increase over the sample period, demonstrating a safe, consistent investment.
Looking at the descriptive statistics reported in Table 1 over the sample period, gold has enjoyed the highest average weekly real return, followed by bonds and stocks. The variation in weekly returns is similar for gold and stocks but much higher than for bonds. On the other hand, variation in bond returns is relatively stable, offering the most consistent return. Investments in stocks and gold are generally more risky than bonds but stocks and gold offer higher returns for certain periods, indicated by the higher maximum values of gold and stocks as opposed to bonds. As reported by Baur and Lucey (2009) , gold, despite its presumably safe haven property, appears relatively risky in terms of the standard deviation and the minimum and maximum values. Table 1 shows that the price volatility is similar for all three financial assets on average, but slightly less for gold; however, for stocks and gold, there is more variation in the volatility measure. The Jarque-Bera statistic, a test for normality based on the skewness and kurtosis measures combined, is zero for all variables reported. In Table 2 , the correlations among the returns and volatilities over the entire sample are displayed. As first predicted by Merton (1973) , the correlation between gold returns and stock market returns is negative but weak. Gold returns are correlated negatively with bonds returns. The results suggest that gold could serve as a hedge and hence could reduce a portfolio's volatility. Stocks and bonds have a positive and slightly larger correlation. The finding that gold is a hedge for stocks and bonds implies that investors receive compensation for losses caused by negative stock or bond returns through positive gold returns. Considering that all reported correlations are very small, gold as well as bonds also qualify as diversifiers in combination with stocks. In terms of volatilities, stock return volatilities show a positive correlation with both gold and bonds, but stronger for gold, while there is very little correlation between gold and bonds. Figure 2 illustrates the correlations of the stock, bond, and gold prices with one another using a 200-week sample period rolling window. Each point represents the correlation of the 200 weekly observations ending on that date. Generally, a positive correlation between stocks and bonds in terms of prices under regular market conditions is evident, but the correlation turns very negative during stock market downturns, such as in 1979 with the oil crisis, 1980-1981 with the recession, 2000 with the technology bubble, and 2001 after September 11. In contrast, a similar correlation pattern appears between stocks and gold as well as bonds and gold for the majority of the sample, with the exception of the period from the late 1970s to the early 1980s and just following the 2001 recession. The pattern of correlation between stocks and bonds is different from the other two pairs of correlations. All correlations fluctuate over a large range of values, from very negative correlations to very positive correlations, depending on the sample period. Figure 3 illustrates the correlations between the returns of the three asset classes. The correlation of gold and bond returns fluctuates between -0.1 and 0.1, with the exception of the early 1980s where it is slightly more negative. The correlation of stock and bond returns is generally positive regardless of the sample period and usually weaker in the later phases of expansions and during recessions. The correlations of stocks and gold returns show both stronger negative and positive correlations than the gold and bond returns. The statistics further illustrate that gold prices move more in tandem with bond prices than they do with stocks. In a recent paper, Baur and Lucey (2009) showed that the return of gold is positive on the day an extreme negative shock in the stock market occurs. However, the gold price declines in the days following the extreme negative shock, and the initial positive effect is reduced to zero after about 15 days. In other words, Baur and Lucey found that gold is a safe haven only in the short term; gold loses value as an investment in the longer term.
Spillover effects among gold, stocks, and bonds

Econometric Methodology
Our analysis investigating the co-movement between both returns and return volatilities of stocks, bonds, and gold followed the method set forth in Diebold and Yilmaz (2009) , generating what they term a spillover index. The spillover index is calculated using a vector autoregression model (VAR) and its associated variance decomposition. In the following, a brief overview of the methodology is given.
8 Figure 3 . Correlations of stock, bond, and gold weekly returns.
Spillover effects among gold, stocks, and bonds
Consider a simple VAR system that contains P lags and N variables. The VAR can be written in its reduced form as follows: (2) where A p is an N x N matrix of regression coefficients, c is an N-vector of constants, and v t is an N-vector of innovations. The elements of v t are assumed to be serially uncorrelated, but they can be correlated with one another. The covariance matrix of v t is given by S v . The VAR can be rewritten in its moving average representation as follows: (3) where u t = Pv t and P -1 is the lower triangular Cholesky Factorization of S v and F i = M i P -1 , where and M 0 =I. It can be shown that the h-step ahead forecast error covariance matrix is given by the following:
where
The forecast error variance decomposition represents the portion of the variance to variable I that is the result of innovations (shocks) to variable J represented as a percentage. The variance decompositions resulting from shocks of other variables will depend on the off-diagonal entries of the F i matrices relative to the on-and off-diagonal entries, just as the spillover index will depend on this same relationship. The forecast error variance decomposition for variable I, at forecast horizon H, attributable to variable J is given by the following: (5) The spillover index for forecast horizon H is calculated as follows: (6) Note the denominator for the spillover index calculation is simply the sum of the traces of the forecast error covariance matrices.
Results
For the results that are displayed, vector autoregression (VAR) containing three variables (stocks, gold, and bonds) with two lags of each variable were used. Results for the weekly real returns as well as the weekly return volatilities were produced. The ordering of the VAR matters in terms of the impact of innovations (shocks) to a particular variable that can have a contemporaneous impact on the other variables. By ordering the stock variable first, the assumption is that stocks can have a contemporaneous impact on gold and bonds. Ordering gold second implies that gold can have a contemporaneous impact on bonds, but not on stocks. The results of the VAR estimation are represented in the Appendix. The spillovers are examined first by looking at the entire sample period. Tables 3 and 4 respectively display the spillovers for the weekly real returns data at the 2-week and 10-week forecast horizons. The entries in the tables represent the variance decompositions. Note that virtually all of the 2-week and 10-week ahead forecast error variance is attributable to shocks in the variable ordered first (above 99%). The contributions from shocks to other variables are negligible. As a result, the spillover index is very small (0.20% and 0.53%). The variance decompositions of the volatilities are displayed in the next set of tables (see Tables 5 and 6 ). In these results, there seems to be evidence of at least some spillover. The spillover index for the 2-and 10-week ahead forecast horizons are 3.73% and 9.95%. Looking at the tables, much of the spillover is from stocks to bonds: almost a quarter of the forecast error variance for bond volatilities can be attributed to innovations to the volatilities of stocks. Again, no substantial spillover is found between gold volatility and stocks or bonds. Gold seems to form a separate asset class although it is seen generally as a safe haven instrument; in the end, its low and slightly negative correlation with stocks and bonds (see Table 2 ) makes it a great diversifier in an investment portfolio.
While there is not much spillover or predictability across the entire sample, it is still possible that over certain periods there could be. In order to examine the potentially dynamic nature of the relationship between financial assets, the methodology used in Diebold and Yilmaz (2009) is followed when looking at 200-week rolling window samples. Diebold and Yilmaz looked at equities for 19 countries and documented increased spillovers in terms of returns over the sample period that they examined as well as spikes in volatility spillovers that corresponded with certain economic events. Figure 4 presents the spillover index for 2-week and 10-week forecast horizons where the spillover index using a 200-week sample period that ends in the period displayed in the graph is estimated; hence the first 200 weeks of the sample do not appear in the figure. As can be seen in the graph, normally the spillover index value is around 2-4%; however, during certain periods, the spillover increases to as much as 14%. Also plotted in the figure is the term premium or spread between a return on a 10-year U.S. Treasury Bond and a 3-month U.S. Treasury bill, displayed as a 52-week moving average. The spillover index for both 2-week and 10-week horizons has a correlation of approximately 0.44 with the spread. Periods of increased spread therefore correlate with periods of increased spillover. Figure 5 displays the spillover index for the volatilities. Once again, several periods where there is very little spillover are apparent, followed by a period in which the spillover increases dramatically. Notice that the volatility spillover has been very high recently. Spillover effects among gold, stocks, and bonds Figures 6, 7 , and 8 display the direction of the spillovers-that is, the innovations contributing to increasing the size of the spillovers, along with NBER (National Bureau of Economic Research) recesion dates. As can be seen in the second panel of Figure 8 , the spillover from bond innovations to stocks and gold are relatively mild, whereas several periods in which innovations in stocks and gold seem to influence the returns of the other variables are apparent. In particular, gold had an increased spillover effect on stocks in the late 1970s and in 2009 and an increased spillover effect on bonds in the mid-1980s, mid-1990s and more recently.
Conclusions
In this paper, an attempt was made to document the interdependence among stocks, bonds, and gold. For the full sample of data examined, return spillovers appear muted; however, some evidence exists of volatility spillovers for the entire sample. Much of the volatility spillover is attributable to a spillover from innovations in stocks to bond return volatility. By examining short sample windows, it was found that spillovers are dynamic in nature. Spillovers in terms of returns are higher during the early-1980s, mid-1990s, and the most recent financial crisis. Volatility spillovers have been very elevated in the most recent financial crisis as well as in the late 1970s and early 1990s. There does not seem to be any trend in the spillovers, just periods when the spillovers increase, stay elevated for a period, and then return to "normal" levels.
Historically, gold and commodities in general have been a major asset class for investment purposes. Gold has often been seen as a safe haven or counter-cyclical investment vehicle. It is well known that gold returns tend to fall when there is a bull trend in the equity market, and vice versa. The lack of any substantial relationship between gold and stocks and gold and bonds raises a question about whether gold price movements can be used as a predictor for stock or bond prices. The extremely low spillover effect from gold to stocks and to bonds, especially with respect to returns, highly restricts the forecasting power of gold with regard to both other asset classes. However, gold's low and slightly negative correlation with stocks and bonds remains a big positive from the perspective of portfolio construction. Gold remains an important asset class for the portfolio investor but seems to have a life of its own because no significant spillover effects with either the stock or the bond market are apparent. Considering the safe haven attribute of the US dollar in times of economic or political uncertainty, it may be of interest as an area for future research to investigate to what extent the trade-weighted value of the US dollar has any bearing on the spillover effects of stocks and bonds. 
Appendix: Vector Auto Regression Estimates
Estimation of VAR includes weekly real returns of stocks, gold, and bonds (ordered as shown). Note: S = Stock, B = Bond, G = Gold
